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Application/Control Number: 09/779,686 Page 2 

Art Unit: 2851 

REASONS FOR ALLOWANCE 



1. The following is an examiner's statement of reasons for allowance: 



The prior art of record does not disclose or suggest a scanning exposure method wherein, 
after finishing the exposure, moving a second object in a direction perpendicular to the 
predetermined direction while moving the second object in a direction parallel to the 
predetermined direction in combination with the other steps recited in independent claim 
35. 



The prior art of record does not disclose or suggest a scanning exposure method wherein, 
after finishing the exposure, accelerating the second object in a direction intersecting the 
predetermined direction while decelerating the second object in the predetermined 
direction in combination with the other steps recited in independent claim 36. 



The prior art of record does not disclose or suggest a scanning exposure method having a 
second step of decelerating the second object in the predetermined direction after 
finishing the exposure, and a third step of accelerating the second object in a reverse 
direction to the predetermined direction after the second step, and a fourth step of 
accelerating and decelerating the second object in a direction intersecting with the 
predetermined direction during the second step and the third step in combination with the 
other steps in independent claim 37. 
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The prior art of record does not disclose or suggest a scanning exposure method in which, 
after finishing the exposure, moving the second object in a direction parallel and 
perpendicular to said second direction simultaneously while decelerating the first object 
in the first direction in combination with the other steps recited in independent claim 39. 

The prior art of record does not disclose or suggest a scanning exposure method having a 
second step of decelerating the second object in the second direction after finishing the 
first step, and a third step of accelerating the second object in a reverse direction to the 
second direction after the second step, and a fourth step of decelerating the first object 
and setting the first object to a reference position during the second and third step in 
combination with the other steps recited in independent claim 40. 

The prior art of record does not disclose or suggest a scanning exposure method wherein, 
after finishing the exposure, starting accelerating the second object in a reverse direction 
to the predetermined direction for preparing a scanning exposure onto a next defined 
region while moving the second object in a direction intersecting with the predetermined 
direction in combination with the other steps recited in independent claim 41. 

The prior art of record does not disclose or suggest a controller functionally connected to 
a first interferometer system, a second interferometer system, a first drive mechanism, 
and a second drive mechanism, which converts positional information in the second 
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direction of the second movable stage outputted from the second interferometer system to 
first speed information and speed controls the second drive mechanism so that the first 
speed information may correspond to a constant speed V, and which converts positional 
information in the first direction of the first movable stage outputted from the first 
interferometer system to second speed information and speed controls the first drive 
mechanism so that the second speed information may correspond to a constant speed V//3, 
where (3 is a projection magnification of the image of the pattern on the first object 
projected by a projection optical system in combination with the other elements recited in 
independent claim 50. 

Any comments considered necessary by applicant must be submitted no later than the 
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 
fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 
Allowance." 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Alan A. Mathews whose telephone number is (703) 308-1706. 
The examiner can normally be reached on Monday through Friday from 8:00 AM to 4:30 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Russ Adams can be reached on (703) 308-2847. The fax phone number for the 
organization where this application or proceeding is assigned is (703) 872-9306. 



to 

Application/Control Number: 09/779,686 Page 5 

Art Unit: 2851 

Any inquiry of a general nature or relating to the status of this application or proceeding 
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Alan A. Mathews 
Primary Examiner 
Art Unit 2851 
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What is claimed is: 
LI. An exposure apparatus for radiating exposure light on 
a predetermined ffluminanon area on a mask on which a 
pattern to be transferred is formed, and exposing the pattern 
on a photosensitive substrate, comprising: 
a scanning system for synchronously scanning the mask 
and the photosensitive substrate in a predetermined first 
direction of the Ulumination area while m a int a inin g a 
predetermined speed ratio; and 
an illumination condition setting portion for setting the 
illumination area to be rectangular, and letting a light 
intensity distribution of the illumination area in a 
second direction substantially perpendicular to the first 
direction have a trapezoidal shape so that a middle 
portion of the distribution exhibits a substantially con- 
stant light intensity, and two side portions of the 
distribution exhibit a gradually decreasing light inten- 
sity.7 

fz. An apparatus according to claim 1, wherein said 
scanning system scans the mask and the photosensitive 
substrate at least twice in the first direction, and further 
comprising a substrate moving system for moving the pho- 
tosensitive substrate in the second direction while first and 
second scanning operations with respect to the mask and the 
photosensitive substrate are performed by said scanning 
system J 

£5. An apparatus according to claim 2, further comprising 
a mask moving system for moving the mask in the second 
direction while first and second scanning operations with 
respect to the mask and the photosensitive substrate are 
performed by said scanning system^ 

[4. An apparatus according to claim 2, further comprising: 

storage portion for staring a relative positional difference 
between the mask and the photosensitive substrate 
when the mask and the photosensitive substrate are to 
' be synchronously scanned in the first direction; and 
a controller for cxratrolling a position of at least of one of 
the magV and the photosensitive substrate such that the 
relative positional difference in the first scanning opera- 
tion with respect to the mask and the photosensitive 
substrate coincides with that in the second scanning 
operation// 

£5. An apparatus according to claim 2 wherein said illu- 
mination condition setting particm determines a length M of 
each of the side portions, of the illumination area, in which 
the light intensity gradually decreases, in the second direc- 
tion so as to establish 

where n is an integer of not less than one, LP is a length of 



of a mask is transferred onto a sensitive plate through a 
projection system in a scanning manner, the method com- 
prising the steps of: 

(a) irradiating the mask with a radiation in order to project 
an image portion of said pattern area of the mask onto 5 
the plate through said projection system; 

(b) synchronously scanning each of the mask and the p! ate 
relative to said projection system in a scanning direc- 
tion at a predetermined velocity ratio by using a scan- 
ning mechanism for the scanning exposure; 10 

(c) detecting a deviation between an ideal positional 
relation and an actual positional relation of the mask 
and the plate at a term of the scanning exposure; and 

(d) correcting a position of the niask oetenmned by said 15 
scanning mechanism for decreasing said detected 
deviation by using a fine moving mechanism provided 
on said scanning mechanism at the term of the scanning 
exposure. *J 

L?4. A scanning exposure apparatus for projecting a pattern 20 
image of a mask onto a sensitive plate through a projection 
system in a scanning manner, the exposure apparatus com- 
prising: 



(a) a plate stage far moving the plate under said projection 
system in an X direction for the scanning exposure and 
in a Y direction perpendicular to the X direction; 

(b) a first mask stage for moving the mask in the X 
direction for the scanning exposure above said projec- 
tion system; 

(c) a second mask stage for finely moving the mask on 
said first mask stage in each of translanonal and rota- 
tional directions; / 

(d) first driving means for synchronously driving each of 
said plate stage and said first mask stage with a pre- 
determined velocity ratio in the X direction during the 
scanning exposure; and 

(e) second driving means for driving said plate stage and 
said second mask stage to maintain a translational 
relation of the mask and plate in the Y direction and for 
driving said second mask stage to maintain a relative 
rotational relation of the mask and the plate, during the 
scanning exposure/^ 



15 



20 



an illumination area on the made in the second direction, and 
IXis a width of a jpattern area, formed on die mask, in the 
second direction, j 

/jS. An apparatus according to claim 5, further comprising 
a projection optica] system for projecting an image of a 5 
pattern of the mask, irradiated with the exposure light, onto 
the photosensitive substrate at a projecting magnification {S, 
and wherein a moving amount of the photosensitive, sub- 
strate moved by said substrate moving system in the second 
direction is defined as 

10 

[j. A projection exposure apparatus comprising: 

a pulse light source for pulse-emitting exposure light; 

an iilumination optical system for iUuminating a prede- 
termined illumination area on a mask, on which a 
pattern to be transferred is formed, with the exposure 
light; 

a projection optical system for projecting an image of the 
pattern, irradiated with the exposure light, onto a pho- 
tosensitive substrate; 

a scanning system for synchronously scanning the mask 
and the photosensitive substrate at least twice in a 
predetermined first direction of the illumination area 25 
while maintaining a predetermined speed ratio; 

a substrate moving system for moving the photosensitive 
substrate in a second direction substantially perpen- 
dicular to the first direction while first and second 
scanning operations with respect to the mask and the 30 
photosensitive substrate are performed by said scan- 
ning system; and 

a controller for controlling at least one of said pulse light 
source and said scanning system such that a position of 
the photosensitive substrate in the first direction at the 35 
time when said pulse light source performs pulse 
emission, in the first scanning operation with respect to 
the photosensitive substrate and the mask coincides 
— with that in the second scanning operation. J 
L 8. An apparatus according to claim 7, wherein said 40 
controller includes a position storage portion for detecting a 
position of the photosensitive substrate in the first direction 
when said pulse light source performs pulse emission, and 
storing data indicating the position, and controls one of said 
pulse fight source and said synchronous scanning m^anc on 45 
the basis of the stored data indirgring the position of the 
photosensitive substrate. J 

A scanning exposure apparatus comprising: 
a scanning system forfiynchmfinunly grinning a Tpflftk and 
a photosensitive substrate for scanning exposure; and 
an adjusting system for moving the mask to decrease a 
positional deviation between the mask and the sub- 
strate, independently of scanning of the mask which is 
performed by said scanning system, during the scan- 
r ning exposure, J 

L?0. An apparatus according to claim 9, further compris- 
ing: 

a projection optical system tor projecting a pattern image 
of the mask onto the substrate; and wherein 

said scanning system includes a mask stage for scanning 60 
the mask in a direction perpendicular to an optical axis 
of said projection optica] system and a substrate stage 
for scanning the substrate in the riireciinn perp rJHti^ ifor 
to the optical axis, and causes the mask stage and the 
substrate stage to scan at a speed ratio corresponding to 65 
a projecting magnification of said projection optical 
system, 
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£ 11. An apparatus according to claim 10, wherein 

said adjusting system includes a finely movable stage for 
relatively moving the mask on said mask stage and a 
driving member for finely driving said finely movable 
stage in the direction perpendicular to said optical axis.~7 
LIZ An apparatus according to claim 11, further compris- 
ing: 

a first measuring system for measuring a position of the 
mask within a plane perpendicular to said optical axis; 
and 

a second measuring system for measuring a position of 
the substrate within a plane perpendicular to said 
optical axis, and wherein 

said adjusting system includes a controller for controlling 
the driving member in accordance with signals from 
— said first and second measuring systems. J 
[13. An apparatus according to claim 12, wherein 
said first measuring system includes a rotational angle 
detecting device for detecting a rotational angle of the 
mask within the plane perpendicular to said optical 
axis.J 

[14. An apparatus according to claim 13, wherein • 
said finely movable stage includes a mirror having a 
reflecting surface substantially pexr^endicular to said 
plane, and 

said first measuring system includes an interferometer for 
radiating a light beam onto said reflecting surface and 
receivmg the light beam reflected by said reflecting 
P surface, jj 

1,15. A scanning exposure apparatus for projecting a pattern 
image of a mask onto a sensitive plate through a projection 
optical system in a scarming manner, the exposure apparatus 
comprising: 

(a) a plate stage for scarming the plate in at least one- 
dimensional direction under said projection optical 
system for the scarming exposure; 

(b) a first mask stage far scanning the mask in at least said 
one-dimensional direction above said projection optical 
system for the scanning exposure; 

(c) a second mask stage for finely moving the mask on 
said first mask stage in each of translational and rota- 
tional directions; 

(d) a first driving system for synchronously driving said 
plate stage and said first mask stage with a predeter- 
mined velocity ratio far the scarming exposure; 

(e) a detecting system for detecting a positional deviation 
amount between the mask and the plate in a real time 
manner during the scanning exposure; and 

(f) a second driving system for driving said second mask 
stage to decrease the defected deviation amount during 
the scarming exposure, J 

L16. The scanning exposure apparatus according to claim 

15, wherein said detecting system includes a first measuring 
unit to detect a relative translational deviation amount 
between the mask and the plate and a second measuring unit 
to detect a relative rotational deviation amount between the 
mask and the plate.^7 

07. The scanning exposure apparatus according to claim 

16, wherein said second drive system includes a first actua- 
tor unit for finely moving said second mask stage in said 
one-dimensional scanning direction and in a cross direction 
of said scanning direction based on said translational devia- 
tion arnouriLj 

fi& The scaiming exposure apparatus according to claim 
16, wherein said second drive system includes a second 
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actuator unit for finely rotating said second mask stage about 
a predetermined point on the mask based on said rotational 
deviation amount^/ 

\J9. The scanning exposure apparatus according t claim 

15, wherein said predetermined point on the mask is 
changed in said one-dimensional scanning direction accord- 
ing to the scanning position of the maSk-J 

ra*. The scanning exposure apparatus according to claim 

16, wherein said first and second measuring units include a 
mask side interferometer system for measuring a coordinate 
position and a rotational angle of the mask and a plate side 
interferometer system for measuring a coordinate position 
and a rotational angle of the plateJ7 

01 The scanning exposure apparatus according to claim 
15, wherein each of said plate stage and said first mask stage 
is linearly movable in said one-dimensional scanning direc- 
tion by restraining of respective linear air-guide structures^ 

C22. The scanning exposure apparatus according to claim 
21, wherein said first driving system includes a mask side 
linear motor for driving said first mask stage guided by the 
corresponding linear air-guide structure and a plate side 
linear motor for driving said plate stage guided by the 
corresponding linear air-guide structure.7 
/23. A scanning exposure apparatus for projecting a pattern 
image of a mask onto a sensitive plate through a projection 
optical system in a scanning manner, the exposure apparatus 
comprising: 

(a) a plate stage for moving the plate in at least one- 
dimensional direction under said projection optical 
system which has an imaging reduction ratio 1/p; 

(b) a first mask stage for moving the mask in at feast said 
one-dimensional direction above said projection optical 
system; 

(c) a second mask stage for finely moving the mask on 
said first mask stage in each of translational and rota- 3* 
tional directions; 

(d) an fllurmnating system for irradiating the mask with a 
radiation having a slit shaped distribution elongated 
perpendicular to said one-dimensional direction on the 
mask in order to project a slit shaped partial pattern 
image of the mask onto the plate through said projec- 
tion optical system; 

(e) a first driving system for synchronously, relatively 
driving said plate stage and first mask stage with a 
velocity ratio B for the scanning exposure of the plate 
by said slit shaped partial pattern image of the mask; 

(0 a detecting system for detecting a deviation amount 
from an ideal positional relation of the mask and the 
plate occurring at a term of the scanning exposure; and 

(g) a second driving system for driving said second mask 
stage to correct the deviation Airing the scanning 
exposure when said detected deviation amount is out of 

£- a predetennined tolerance.^J 
?4. The scanning exposure apparatus according to claim 
23, wherein said detecting system includes a first measuring 
system to detect a translational deviation amount from said 
ideal positional relation of the mask and the plate and a 
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24, wherein said second drive system includes a second 
actuator system for finely rotating said second mask stage 
about a predelennined point on the mask based on said 
rotational deviation amount J 

The scanning exposure apparatus according to claim. 
26, wherein said predeterniined point on the mask is 
changed in said one-dimensional scanning direction accord- 
ing to the scanning position of the Tnask._7 
£28. Trie scanning exposure apparatus according to claim 
23, wherein said first driving system includes a mask side 
linear motor for driving said first mask stage supported by an 
air-guide structure and a plate side linear motor for driving 
said plate stage supported by an air-guide structure.]/ 
£29. A scanning exposure apparatus for projecting a pattern 
image of a mask onto a sensitive plate through a projection 
system having a predetermined magnification ratio in a 
scanning manner, the apparatus comprising: 

(a) a scanning system for synchronously, relatively scan- 
ning the mask and the plate with respect to a projection 
field of said projection system at a velocity ratio 
corresponding to said magnification ratio during the 
scanning exposure; 

(b) a finely movable stage provided on said scanning 
system for finely moving the mask relative to said 
scanning system in each of translational and rotational 
directions; 

(c) a detecting system fox detecting a positional deviation 
amount between an ideal positional relation and an 
actual positional relation of the mask and the plate 
during the scanning exposure; and 

(d) a control system for driving said finely movable stage 
based on said detected deviation amount in order to 
decrease the positional deviation of the mask and the 
plate. J 

1.30. A scanning exposure method in which a pattern area 
of a mask is transferred onto a sensitive plate through a 
projection optical system in a scanning manner, the method 
comprising the steps of: 

(a) irradiating the mask with a radiation having a slit 
shaped intensity distribution in order to project a slit 
image portion of said pattern area of the mask toward- 
the plate through said projection optical system; 

(b) synchrouously scanning each of the mask and the plate 
relative to said projection optical system in a scanning 
direction perpendicular to a longitudinal direction of 
said slit image portion at a predetennined velocity ratio 
by using a scarming mechanism for the scanning expo- 
sure; 

(c) detecting a deviation value between an ideal positional 
relation and an actual positional relation of the mask 
and the plate at a term of the scanning exposure; and 

(d) correcting a position of the mask determined by said 
scanning mechanism so as to decrease said detected 
deviation value by using a fine moving mechanism 
provided on said scanning mechanism at the term of the 
scanning exposure. J 
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